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General Report for Theme Two 
Case Histories in Retaining Structures 
and Failure Records 
J. Ronald Salley 
Vice President, Shannon & Wilson, Inc., St. Louis, Missouri, U.S.A. 
INTRODUCTION 
The subject of this session is "Case His-
tories in Retaining Structures and Failure 
Records". I have subdivided the nineteen 
papers into five categories for discussion as 
follows: 
1. Diaphragm-Type Walls 
203 Monitoring of a Deep Basement in 
London by L.A. Wood and A.J. 
Perrin, United Kingdom 
204 Predicted and Observed 
Deformations of Anchored 
Walls, by Tj. Kooistra 




213 Behavior of Braced Cut in Connec-
tion with Construction of Large 
Underground Station, by S. Uchida, 
H. Ito, T. Kaino and H. Tarumi 
216 Thrust Evolution on the Shoring of 
Two Large Excavations in Geneva, by 
A. Fontana, Switzerland 
221 Use of Ground Anchors in Residual 
Soils, by R. Kannan and Bengt B. 
Broms, Singapore 
225 Performance of a 30 m Deep Instru-
mented Diaphragm Wall, by M. M. 
Soares, United Kingdom 
229 Permanent Tieback Retention System, 
by T.C. Anderson, M.E. Lockwood, 
and M.F. Nethero, USA 
2. Backfill-Supported Walls 
210 Repair of a Reinforced Earth Wall, 
by Long, Livet, Boutonnet, Marchal, 
Olivier, Nabonne, and Plaut, France 
218 Field Behavior of Retained Earth 
Structure by z. Al-Yassin and c. K. 
Shen, USA 
224 Anchor Slab 
Overtopping 
X.M. Wu, and 
3. Gravity Walls 
Retaining Wall 
Flood, by Z.L. 
Z.S. Zhang, China 
Stands 
Wang, 
209 Damage and Remedial Measures for 
Buildings on Slopes, by Swami 
Saran, Gopal Ranjan, Bhawani Singh 
and A.S.R. Rao, India 
228 Failure of a Small Gravity Dam and 
the Repair, by David F. McCarthy, 
USA 
215 Earth Pressure on Retaining Walls 
and Buried Pipes, by M. Fukuoka and 
Y. Imamura, Japan 
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4. Miscellaneous Walls 
206 Stability Problems in a Deep Exca-
vation in Clay, by Gunnar Aas, Nor-
way 
208 Braced Cofferdam to Improve Spill-
way Stability During Rehabilita-
tion, by Rodney M. Wong, James T. 
Passage and Sarni S. Naami, USA 
222 Load Measurements of an Anchored 
Retaining Wall, by P. Rocha Filho 
and N.M. Zietoune 
223 Failure of an Anchored Sheetpile 
Bulkhead, by Daniel P. LaGa tta and 
David R. Shields, USA 
5. Culverts 
207 Field Experience on Corrugated 
Metal Culverts, by P. Habib, M.P. 
Luong, N.T. Long, G. Legeay, A. 
Millian, and L. Baude, France 
211 The Pathology of Metal Culverts, by 
N.T. Long and A.L. Millan, France 
Five papers describing failures or repairs 
of failures are included in their generic 
category. A near bottom-heave failure is 
reported in Category 4. 
The papers cover a broad spectrum of 
retainage structures and failures, and the 
authors have made important contributions to 
our profession. The diversity of the papers 
and types of structures precludes making 
broad generalizations as to the direction the 
profession is taking regarding wall desig1;. 
However, the contributing authors are cogni-
zant of the state-of-the-art for their struc-
tures and appear to choose a design procedure 
based on the certainty of their knowledge of 
subsurface design parameters or on comparison 
to nearby, similar structures. 
Category 1. Diaphragm-Type Walls 
203, 204, 213, 216, 221, 225, 229) 
(Papers 
The most actively discussed subject in 
this session of the conference was on dia-
phragm walls, where seven excellent papers 
were submitted describing projects in dif-
ferent countries. Construction adjacent to 
existing structures is a common element in 
each case history. 
Paper 221 contains both an excellent bib-
liography and a state of the practice review 
of design procedures. The paper concludes 
that anchor design may be based on elastic 
theory assuming a triangular earth pressure 
distribution. The finite element method 
(FEM) is now commonly used to analyze the 
behavior of anchored walls, with the only 
limitation being in evaluating the strength 
and deformation properties of the soil. 
Seven brief examples are given of anchors in 
the residual soils of Singapore with excava-
tion depths up to 16.8 m. Second stage 
grouting is recommended for permanent anchors 
to improve both the anchor capacity and the 
corrosion resistance. The authors maintain 
that it is becoming increasingly difficult to 
obtain permissio~ to install anchors below 
public streets in Singapore. Two of the 
examples discuss extractable anchors, an at-
tempt at circumventing this obstacle. In one 
instance the grouted zone of the anchor wa:s 
fractured with explosives to allow extrac-
tion, and in another a heating technique was 
used to reduce the bond between the tendons 
and the grout. 
Two case histories of diaphragm walls in 
Switzerland are discussed in Paper 216, which 
concentrates on the time-history of strut 
load development. Both walls were embedded 
in soft clay soils and braced at several 
levels. The Convention Centre excavation had 
a maximum depth of 20 m and the Grand 
Casino's maximum was 13.8 m. For both exca-
vations, design pressures were computed from 
deflection data on completed nearby excava-
tions. These values are somewhat lower than 
would be provided by existing design models 
such as those proposed by Tschebotarioff and 
Peck for excavations braced at several levels. 
The Ueno railway station in Japan is dis-
cussed in Paper 213. This 3 0 m deep excava-
tion shored with a 60 cm thick interior 
braced slurry wall was built by the inverted 
construction sequence method, i.e. floor 
slabs were cast in sequence from the top 
down. Subsurface materials consist of inter-
bedded sands and silts. The design assumed 
the wall to be a continuous beam supported by 
the bracing members and hypothetical under-
ground fulcrums. Existing Japanese .Nc:tional 
Railways design procedures were modified by 
determining the pressures of each layer of 
subsurface material, taking into account the 
effects of anticipated displacement on earth 
pressure coefficients. The walls were 
heavily instrumented, and the final earth 
pressures agreed well with Coulomb's active 
pressure. The maximum wall displacement of 
only 13 mm indicates that the inverted con-
struction sequence method worked well. 
An instrumented research section of the 
Rio de Janerio underground is described in 
Paper 225. A 120 cm-thick, 30 m deep dia-
phragm wall, supported at two strut levels 
was extended through sand with an intermedi-
ate 15 m layer of soft clay. The wall was 
heavily instrumented to measure bending mo-
ments, strut loads and horizontal earth pres-
sures. It was designed using the model of a 
beam on elastic supports. The author con-
cluded that the value of soil modulus which 
gave best agreement between calculated and 
actual bending moment, strut loads, and def-
ormations can be established by: 
k = 1000 to 1500 SPT (kN/m3) 
A tied-back diaphragm wall and a sheet 
pile wall in Holland are discussed in Paper 
204. Both excavations extended about 7 m 
through medium to dense sands. Actual 
lateral displacements of the structures were 
obtained by inclinometer surveys. The walls 
were analyzed with a one-dimensional finite 
element program using the measured deflec-
tions. In the program, soil behavior was 
simulated by elasto-plastic springs. The 
authors concluded that when using coeficients 
of subgrade reaction determined by Menard's 
theory, calculated and measured deflections 
were similar. However, the coefficients of 
subgrade reaction according to Terzaghi's 
approach overpredicted displacements by 70 to 
100 percent. 
Paper 229 describes a permanent tieback 
soldier pile and lagging retention system for 
a 17 m deep excavation in Cincinnati. About 
3 m of clay overlay moderate to low streng~h 
shale in which the anchors developed their 
capacity. High capacity footing loads were 
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present adjacent to the excavation, and th 
shoring system was designed to support fift: 
percent of the earth and surcharge pressure: 
on a permanent basis. The retention syste1 
was designed using a limit equilibrium tria: 
wedge assuming the rock behaved as a soi: 
with O = 35°. The resulting force was dis· 
tributed on the back of the wall as a unifon 
pressure. Special attention was given t< 
creep rate of tensioned anchors and corrosior 
protection, considering the permanent nature 
of the retention system. Monitoring the con-
siderable amount of instrumentation installed 
on the system has confirmed creep deforma-
tions for the first year of 1.0 to 2.0 mm, as 
predicted. 
A deep diaphragm wall in stiff London 
clay, which has been extensively monitored, 
is discussed in Paper 203. The 80 cm thick, 
18 m diaphragm wall was internally braced 
during construction. The excavation allowed 
the construction of three levels of basement 
floor slabs plus a 1. 5 m mat comprising the 
lowest level. The authors credit the suc-
cessful monitoring program covering a broad 
range of measurements to their full-time on-
site presence during construction. 
Category 2. Backfill-Supported Walls (Papers 
210, 218 and 224) 
Case histories were submitted on three 
different types of walls with anchors buried 
during the backfilling operations. 
Paper 218 describes a Retained Earth wall 
constructed to retain freeway ramps up to 6.1 
m high. In this system, concrete facing 
panels are attached to reinforcing mesh which 
is laid out and filled over with granular 
material, similar to the procedures with Re-
inforced Earth. Current design procedures 
were used and the structures were monitored. 
Conclusions were that current design pro-
cedures are satisfactory, pullout of rein-
forcing mesh is unlikely, and an average 
lateral earth pressure coefficient of 0.3 may 
be used. 
An anchor slab retaining wall is described 
in Paper 224. The structure consisted of 
concrete facing panels connected to tiebars 
having square concrete anchor panels at their 
ends. The wall had a height of 10 m with a 
2(H) on l(V) slope above. Anchor lengths 
were on the order of 16 m. The backfill in 
which the anchors derived their capacity was 
gravelly sandy clay. The wall is seasonally 
overtopped by a flooding river, and after 
three years remained stable. 
The repair of a Reinforced Earth retaining 
wall is discussed in Paper 21 O. The wall 
supporting an access road to Frejus Tunnel in 
France experienced a rupture of the facing 
near the top of the wall which was 10. 5 m 
wide and 6 m high, resulting from breaking of 
the strips at the facing connection. Tests 
of the backfill revealed that the failure was 
caused by expansion of the backfill during 
freezing. The backfill in the immediate 
vicinity of the failure was supplied with 
water from a leaking manhole. The repair was 
carried out in two phases. First, the facing 
was rebuilt and connected to the original re-
inforcing strips. Second, a tieback anchor 
was installed and stressed at the center of 
each replacement panel. The authors note 
"that among hundreds of reinforced earth 
structures built in the last fifteen years 
worldwide in very cold regions, only the 
Frejus structure was damaged." However, they 
have decided to take greater precautions 
against water infiltration of Reinforced 
Earth backfill in cold regions. 
Category 3. Gravity Walls 
and 215) 
(Papers 209, 228, 
The case histories on gravity walls in-
clude one research project on earth pressure 
measurements and two papers on wall failure. 
Earth pressures were measured on the backs 
of large, inclined, concrete block retaining 
walls as described in Paper 215. The blocks 
are hollow and 1 m high and wide with depths 
varying from 0.7 to 1.85 m. They were 
stacked, in this case up to 6 m high, filled 
with sand, and then backfilled. Panel-type 
earth pressure cells invented by Prof. 
Fukuoka, mounted on the blocks had the cap-
ability to measure the normal and tangential 
components of the earth pressures. Influence 
on earth pressure was determined for compac-
ted and noncompacted sand backfill. Effects 
of the shape and size of the backfilled zone 
between the wall and the back slope of earth 
were noted. 
As p~esented in Paper 228, a 12-year-old, 
2.5 m high concrete gravity dam experienced a 
serious foundation leak in 1980 as made evi-
dent by an erupting geyser near the down-
stream toe. An investigation disclosed a 
piping condition for half of the 20 m length 
of the dam. The dam was not structurally 
d~maged and was repaired by providing a new 
wider and deeper foundation constructed in 
sections with an underdrain at the downstream 
toe. A 0.6- to 0.9 m clay blanket was placed 
from the dam to 12 m upstream. 
Paper 209 describes the damages experi-
enced by one- and two-story buildings with 
random rubble masonry walls built on slopes 
in northern India. A shallow overburden 
cover of clayey and sandy soils overlies 
phyllitic rock. The cause of damage was pri-
marily s~ope instability,. improper retaining 
wall design, and poor drainage causing satur-
ation of retaining wall backfill. Analyses 
of failed slopes allowed the calculation of 
the soil's shear strength parameters. Large 
scale in situ direct shear tests and plate 
l~ad tests were conducted to provide addi-
tional ~hear strength data. This provided 
the basis for designing remedial measures 
consisting of flattened slopes, improved 
drainage, and properly designed retaining 
walls. 
Category 4. Miscellaneous Walls 
206, 208, 222, and 223) 
(Papers 
Bottom heave problems in a 10.5 m basement 
ei:ccavation . in medium to soft Oslo clay are 
discussed in Paper 206. Stability analyses 
(in 1972) using vane shear strengths produced 
safety factors of about 1.5. The excavation 
was made and s~bstantial lateral displacement 
and street settlements up to 0. 6 m were ex-
perienced. Recent experience indicates that 
the vane strengths should have been reduced 
and for this instance the reduction should b~ 
about 1. 2; thus the corrected safety factor 
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is 1.2. Af):er completion of the building, 
undisturbed samples were taken of the clay 
beneath the building and triaxial tests were 
performed. Using the new strength data, a 
revised stability analysis was made for the 
excavation. Safety factors of about 1.0 were 
calculated, thus explaining the large move-
ments during construction. The retaining 
system was well instrumented, and wall defoI-
mations and strut load data are provided. At 
some locations the earth pressure on the 
sheet piles corresponded roughly to the total 
vertical overburden pressure. 
Paper 208 describes a very cleverly braced 
14 m high cofferdam for the construction of a 
stilling basin for the Miraflores Spillway of 
the Panama Canal. Dewatering of the scour 
pool at the toe of the existing spillway 
could create a potential stability problem. 
However, the cofferdam was braced against the 
spillway to transmit earth pressures and 
tailwater pressures through the bracing to 
stabilize the spillway against sliding. The 
master pile concept was adopted which uses 
0.76 m diameter pipes (master piles) socketed 
into rock as if they were soldier piles, 4. 6 
m on center. Sheet pile arcs spanned between 
the master piles, and they were backfilled on 
the tailwater side for wave protection. 
Wales were eliminated. Since the sheet piles 
were in tension, seepage through the coffer-
dam was minimized. The pipe struts were 
installed with strain gages and jacks to al-
low the jacking of load into the bracing sys-
tem if the desired reaction against the 
spillway did not develop naturally. 
Paper 222 describes a retaining wall con-
structed to retain unstable fill supporting a 
railway and allow construction of a second 
set of tracks. The 19 m high by 205 m long 
wall was built from the top down by notching 
into the fill, installing a tieback anchor 
into rock, and afixing a facing panel to it. 
The panels were 1. 5- or 2. O m high and 4. 5 m 
long and were secured with two anchors each. 
Thirty-six of the 786 anchors were instru-
mented with electrical strain gages. After 
applying their lockoff load, the anchor loads 
eventually decayed about 25 percent. 
Paper 223 analyzes the failure of a 7.8 m 
deep anchored sheet pile bulkhead constructed 
in soft organic clayey silt. The wharf was 
designed as a concrete pile-supported deck 
extending over a sheet pile bulkhead braced 
by a series of batter piles. However, after 
driving the sheet piles and before installing 
the batter piles, organic silt was dredged 
from in front of the wall with the intention 
of replacing it with a sand and gravel berm. 
A temporary tied-back anchor system had been 
installed to support the sheet piles during 
this operation. The bulkhead collapsed 
during dredging when the tiebeams failed. 
Major factors contributing to the failure 
include: failure to design for the lowest 
tide elevation; using design strengths that 
were too high for the organic silt thereby 
underestimating active earth pressures; fail-
ure to account for increased anchor loads 
resulting from pres tressing and arching, and 
use of tiebeams instead of tierods which were 
adversely affected by bending stresses. 
Category 5. Culverts (Papers 207 and 211) 
The two papers on metal culverts compli-
ment each other very well. Paper 207 des-
cribes a full scale experiment with 2.5 m 
diameter corrugated metal conduits buried 
beneath 17. 5 m of sand fill. At two test 
sections, the culvert was equipped with con-
tractible seams to allow the reduction in 
perimeter while measuring stresses in the 
conduit; transfer of load to the soil was 
verified. The fundamental principal of the 
use of flexible corrugated metal was to serve 
as a form that carries as little load as pos-
sible in service while the soil is the prin-
cipal load carrying element of the system. 
The paper identifies a new design concept; 
i.e., fabricate the culverts so that after 
backfilling a contractible seam can be al-
lowed to reduce the culvert perimeter. This 
will reduce hoop thrust in the culvert and 
transfer stresses to the soil. 
Paper 211 describes three case histories 
of currugated metal culvert failure. The 
culverts had similar geometries with spans on 
the order of 9 m and rises of about 6 m. 
Failures usually resulted from several causes 
and those that failed by sudden collapse most 
often failed during construction. Causes for 
these collapses were usually: (a) inadequate 
wall stiffness; (b) excessive backfill forces 
due to poor materials or lack of care, or (c) 
poor timing during backfilling that led to 
unsymmetrical forces on the structure. 
CONCLUSIONS 
The nineteen papers submitted for this 
session offer researchers in retaining struc-
tures a vast resource of field data. Many of 
the papers offer well developed soil parame-
ters as well as instrumentation and movement 
data which would allow analyses of the proj-
ect using multiple methods of evaluating the 
soil-structure interaction. 
A common concept in many of the papers is 
the identified need for close supervision of 
construction and detailed monitoring pro-
grams. The close supervision of construction 
assures the designer that conditions in the 
field correspond with those used as design 
criteria. Monitoring allows the identifi-
cation of performance inadequacies pr.ior to 
catastrophic failure. 
The group of papers describing the design 
of a diaphragm wall indicates there is not 
yet a standard design practice. In those 
cases where soil parameters were determined 
from extensive exploration and testing pro-
grams, sophisticated design procedures could 
be utilized and superior performance was an-
ticipated and achieved. 
Unfortunatley, the majority of cases 
facing design engineers do not have well 
defined soil parameters and design is based 
on broad soil parameter assumptions or the 
performance of a nearly similar structure. 
Although walls designed in this fashion 
generally perform satisfactorily, it is ap-
parent that the more sophisticated methods of 
anlyzing the soil-structure interaction 
result in more cost effective and better per-
formance. The use of two d irnensional finite 
element analysis appears to be the current 
limit of sophistication in the state-of-the-
practice. 
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